Introduction {#S0001}
============

Trachoma is a chronic infectious keratoconjunctivitis that is a major cause of blindness in many developing countries. It presents initially as a follicular conjunctivitis, sometimes with superficial keratitis and corneal vascularization, and gradually progresses (in some people, with repeated ocular *Chlamydia trachomatis* infection) to conjunctival scarring and lid distortion. Damage to the cornea occurs from the chronic inflammatory disease and later (and more importantly) from exposure and trauma from distorted lids and in-turned lashes. Endemic trachoma is a major cause of blindness in poorer rural communities of developing countries, especially in arid areas.^[1](#CIT0001),[2](#CIT0002)^

Ethiopia is one of the world's most trachoma-endemic countries, with trachoma a major preventable cause of blindness nationwide. Tigray is the northern-most region in Ethiopia, and has an estimated population of 4,316,988, of which 80.5% live in rural areas.^[3](#CIT0003)^ A national survey carried out in 2005--2006 found an estimated national prevalence of active trachoma (trachomatous inflammation -- follicular, TF, and/or trachomatous inflammation -- intense, TI) of 40.1% in children aged 1--9 years, with an estimated TF prevalence of 25.6% in children in Tigray.^[4](#CIT0004),[5](#CIT0005)^

The World Health Organization (WHO) and partners have targeted trachoma for elimination as a public health problem by 2020, by implementation of the SAFE strategy (surgery for in-turned eyelashes, antibiotics to clear infection, and facial cleanliness and environmental improvement to reduce infection transmission).^[6](#CIT0006),[7](#CIT0007)^ Knowing the baseline prevalences of TF and trichiasis is crucial for control programs, to help guide planning on where and for how long SAFE interventions are required.

We carried out cross-sectional population-based prevalence surveys to estimate the prevalence of TF among children aged 1--9 years, and the prevalence of trichiasis among adults aged 15 years and older, in 11 evaluation units (EUs) covering 34 districts (woredas) throughout Tigray Region.^[3](#CIT0003)^

Materials and methods {#S0002}
=====================

Survey methodology {#S0002-S2001}
------------------

Tigray Region is divided into seven zones (Central, Eastern, South Eastern, South, West, Northwest and Mekele). All rural zones were included in the survey. Urban areas, including Mekele Special Zone and all woreda towns, were not surveyed. Surveys were undertaken using the standardized Global Trachoma Mapping Project (GTMP) sampling methodology.^[8](#CIT0008)^ The WHO definition of a "district" for the purposes of trachoma prevalence estimates is an administrative area with a population of 100,000--250,000 people. In Tigray, trachoma was expected to be highly endemic, and so larger populations were included in each survey by grouping woredas into EUs of populations up to 500,000 people, so that interventions can be provided in a timely manner, where needed ([Figure 1](#F0001)).Figure 1.Adjusted prevalence of trachomatous inflammation -- follicular (TF) in children aged 1--9 years by evaluation unit, Global Trachoma Mapping Project, Tigray Region, Ethiopia, 2013.

We used a 2-stage, cluster random sampling methodology, with clusters (kebeles) selected using a probability proportional to size sampling technique. The kebele was the primary sampling unit, with each kebele regarded as a cluster. Using the latest available census data,^[3](#CIT0003)^ it was estimated that if teams could survey 30 households per day, then the required sample size of children aged 1--9 years would be reached if 26 kebeles were surveyed for each EU. The list of all kebeles in each EU was obtained from the regional government. Kebeles were excluded if they were considered insecure or not accessible within 90 minutes' walk from the furthest point that could be reached in a 4-wheel drive vehicle. A developmental team (DT) is the smallest administrative unit in each zone, and served as our secondary sampling unit, with each DT comprising approximately 25--30 households. On the day of the survey, at the kebele, a DT was randomly selected by drawing lots. All households in the selected DT were included in the survey, with all household members at least 1 year of age eligible for inclusion.

Informed verbal consent was obtained before assessment. Clinical assessments were carried out using the WHO simplified trachoma grading system^[5](#CIT0005)^ and a 2.5× loupe under direct sunlight or torchlight, with the results called to the recorder. Alcohol hand-gel was used between individuals to minimize carry-over contamination.

Data collection {#S0002-S2002}
---------------

Data were collected using a bespoke Android smartphone application.^[8](#CIT0008)^ Both recorders and trachoma graders were required to attend the 5-day (version 1) GTMP training course, and pass an exit exam. Full details of the training and examination process are outlined elsewhere.^[8](#CIT0008)^ Nine teams, each made up of a trachoma grader, a data recorder, and a driver, were used. A supervisor (ST) was in charge of overseeing the work of graders and recorders and assisting them technically, as well as coordinating and leading the overall survey.

Ethical considerations {#S0002-S2003}
----------------------

Ethics approval was obtained from the Tigray Regional Health Bureau Ethics Committee (2136/7767/05). The overall GTMP survey methodology was approved by the London School of Hygiene & Tropical Medicine Ethics Committee (6319). Informed verbal consent was obtained from all adult individuals who participated in the survey. For children aged \<15 years, parents or adult guardians provided consent. All participants found to have active trachoma were provided with 1% tetracycline eye ointment for 6 weeks and those with trichiasis were referred (using a standard referral form) to a nearby health facility for consideration of corrective surgery.

Data analysis {#S0002-S2004}
-------------

All data analysis was carried out in R 3.0.2 (2013, R Foundation for Statistical Computing, Vienna, Austria), using the GTMP analysis approaches described elsewhere.^[8](#CIT0008)^ Sample outcomes proportions were adjusted at cluster level to estimates population-level prevalences, with the overall EU prevalence the mean of all adjusted cluster-level proportions in a given EU. TF prevalence estimates were adjusted in 1-year age bands, and trichiasis estimates were adjusted for sex and age in 5-year age bands, using the 2007 Tigray census data.^[3](#CIT0003)^ Confidence intervals (CIs) were constructed by bootstrapping the adjusted cluster-level outcomes proportions, and taking the 2.5th and 97.5th centiles from the list of 10,000 bootstrap iterates.

Results {#S0003}
=======

Surveys were carried out from January 28 to March 30, 2013. A total of 32,815 people were enumerated from 11 EUs covering 34 woredas, with 8034 households visited in 275 kebeles. Overall, 28,581 people (87.1%) consented to examination and 16,163 (56.7%) of those examined were female. Overall, 10,296 children aged 1--9 years were enumerated, with 10,023 (97.4%) examined. There was a mean of 1.25 children aged 1-9 years per household.

Adjusted TF prevalences ranged from 9.3% (95% CI 6.0--11.3%) in the EU covering Kafta Humera, Welkait and Tsegede woredas, to 41.4% (95% CI 33.8--51.2%) in the EU covering Wefla and Alamata woredas ([Table 1](#T0001), [Figure 1](#F0001)).Table 1.Prevalence of trachomatous inflammation -- follicular (TF) in children aged 1--9 years by evaluation unit, Global Trachoma Mapping Project, Tigray Region, Ethiopia, 2013.Evaluation unitExamined, *n*TF cases, *n*Unadjusted TF, %Adjusted^a^ TF, % (95% CI^b^)Laelay Maychew, Naeder Adet, Tahtay Maychew76626634.732.6 (27.0--38.9)Adwa, Mereb Leke, Entecho79221226.823.7 (16.6--29.7)Kolla Tembiyen, Werei Leke, Tanqua Abergele85724929.129.5 (22.3--34.6)Degua Temben, Saharti Samre, Hintalo Wejirat, Enderta93641944.739.1 (30.0--47.3)Erob, Ganta Afeshum, Glomekada, Saesie Tsaedaemba76216321.422.5 (14.4--28.5)Hawzen, Wukero, Atsbi Wenberta97318519.020.0 (15.8--23.3)Wefla, Alamata94240843.341.4 (33.8--51.2)Alaje, Endamehoni, Raya Azebo93037340.141.0 (32.1--50.0)Kafta Humera, Welkait, Tsegede10131009.99.3 (6.0--11.3)Asgede Tsimbila, Medebay Zana, Tahtay Koraro, Tselemti100718518.418.3 (13.1--23.9)Laelay Adiyabo, Tahtay Adiyabo104511310.810.2 (6.3--14.6)[^3]

Adjusted trichiasis prevalences in those aged 15 years and older ranged from 0.6% (95% CI 0.1--1.1%) in the EU covering Kafta Humera, Welkait and Tsegede woredas, to 2.6% (95% CI 1.8--3.1%) in the EU covering Degua Temben, Saharti Samre, Hintalo Wejirat and Enderta woredas ([Table 2](#T0002), [Figure 2](#F0002)).Table 2.Prevalence of trichiasis in those aged 15 years and older by evaluation unit, Global Trachoma Mapping Project, Tigray Region, Ethiopia, 2013.Evaluation unitExamined, *n*Trichiasis cases, *n*Unadjusted trichiasis, %Adjusted^a^ trichiasis, % (95% CI^b^)Laelay Maychew, Naeder Adet, Tahtay Maychew1237504.01.9 (1.1--2.8)Adwa, Mereb Leke, Entecho1217463.82.3 (1.6--3.0)Kolla Tembiyen, Werei Leke, Tanqua Abergele1208292.41.4 (0.8--1.8)Degua Temben, Saharti Samre, Hintalo Wejirat, Enderta1435664.62.6 (1.8--3.3)Erob, Ganta Afeshum, Glomekada, Saesie Tsaedaemba1055252.40.7 (0.3--1.2)Hawzen, Wukero, Atsbi Wenberta1366463.42.0 (1.5--2.8)Wefla, Alamata1574613.92.3 (1.2--3.0)Alaje, Endamehoni, Raya Azebo1595483.01.9 (1.5--3.0)Kafta Humera, Welkait, Tsegede1267141.10.6 (0.1--1.1)Asgede Tsimbila, Medebay Zana, Tahtay Koraro, Tselemti1550362.31.3 (0.8--1.9)Laelay Adiyabo, Tahtay Adiyabo1511352.31.3 (0.7--1.8)[^4] Figure 2.Adjusted prevalence of trichiasis in those 15 years and older by evaluation unit, Global Trachoma Mapping Project, Tigray Region, Ethiopia, 2013.

Discussion {#S0004}
==========

Trachoma is highly endemic in Tigray Region. Overall, 19 woredas require mass drug administration (MDA) with azithromycin for 3 years before re-survey, and 12 woredas require MDA for at least 5 years before re-survey, in addition to the F and E components of the SAFE strategy. One EU covering three woredas in Western Tigray Zone (Kafta Humera, Welkait and Tsegede) had a TF prevalence in the range 5.0--9.9%. At this prevalence, the WHO recommends a single round of azithromycin MDA, plus implementation of the F and E components of the SAFE strategy, before re-survey.

We excluded kebeles that were more than 90 minutes walk from the furthest point that could be reached in a 4-wheel drive vehicle. Given that we anticipate trachoma to be mostly found in rural, isolated, populations, it is probable that some cluster of disease was missed by this approach. In our case a balance was sought between making sampled kebeles as representative of the rural population as possible, and the practical considerations that come into any survey carried out in extreme geographical environments. In order to ensure a complete geographical covering in implementing future MDAs, kebeles cannot be excluded by this criteria, and it is possible that with decreasing trachoma prevalence, more isolated areas will have to be included in future mapping.

Every EU surveyed had trichiasis prevalence estimates far higher than the WHO trachomatous trichiasis elimination threshold of 0.2% of the population aged 15 years and older. There is an urgent need for large-scale assessment of rural individuals to case-find the sizeable number of trichiasis cases who need corrective surgery throughout Tigray. This will require significant funding to train and deploy case finders and trichiasis surgeons.

At the time of this survey, WHO had not yet recommended that cases of trichiasis be checked for the presence of trachomatous conjunctival scarring^[5](#CIT0005)^ to confirm the cause of eyelash deviation to be trachoma, and so the presence or absence of scarring was not assessed by graders here. As not all cases of trichiasis are necessarily trachomatous in origin, it is likely that our trichiasis prevalence estimates will overestimate the true proportion of trachomatous trichiasis cases in the population. However, this figure does not consider the number of cases which will progress from trachomatous scarring to potentially blinding trachomatous trichiasis^[9](#CIT0009)^ in the time taken to train and deploy surgeons to carry out the current backlog of surgeries. For this reason, the securing of funding and program planning should begin as a matter of urgency. The magnitude of this task should not be underestimated, and much effort will be needed to eliminate trachoma as a public health problem from Tigray Region between now and the 2020 elimination target.
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[^1]: See Appendix

[^2]: Color versions of one or more of the figures in the article can be found online at [www.tandfonline.com/iope](http://www.tandfonline.com/iope).

[^3]: ^a^Adjusted for age in 1-year age bands using the 2007 Ethiopian national census data for Tigray Region.

    ^b^95% CIs from the 2.5th and 97.5th centiles of bootstrapped adjusted cluster-level proportions, to account for the clustered sampling design.

    CI, confidence interval.

[^4]: ^a^Adjusted for sex and age in 5-year age bands using the 2007 Ethiopian national census data for Tigray Region.

    ^b^95% CIs from the 2.5th and 97.5th centiles of bootstrapped adjusted cluster-level proportions, to account for the clustered sampling design.

    CI, confidence interval.
